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^= (54) Title: CRYSTALLISATION METHOD FOR THE PURIFICATION OF A MOLTEN METAL, IN PARTICULAR RECY- 
^= CLED ALUMINIUM 

(57) Abstract: Method for the purification of a molten metal, the molten metal having a specific density and comprising one or 
more foreign elements which are to be removed, the method comprises the steps of : (a) a cooling step wherein the molten metal is 
^= cooled to a euteclic temperature to simultaneously form purified metal crystals and crystals comprising at least one foreign element, 
and (b) a separation step wherein at least some of the purified metal crystals arc separated from the crystals comprising at least one 
foreign element by adjusting the specific density of the molten metal within a range delimited by a lower value being the specific 
density of the purified metal crystals and by an upper limit being the specific density of the crystals comprising the at least one 
foreign clement, and wherein the specific density of the molten metal is adjusted to this range by the addition of a metal to alter the 
specific density of the molten metal and maintained within this range during separation. The proposed method is advantageously 
applicable for the purification of aluminium melts from recycle aluminium and aluminium scraps. 
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CRYSTALLISATION METHOD FOR THE PURIFICATION OF A MOLTEN METAL, IN PARTICULAR 



RECYCLED ALUMINIUM 



FIELD OF THE INVENTION 

The present invention relates to a method for the purification of a molten metal 
5 comprising one or more foreign elements, in particular to a refining method for non- 
ferrous metals such as recycled aluminium scrap. 

BACKGROUND TO THE INVENTION 

As will be appreciated herein below, except as otherwise indicated, alloy 
10 designations refer to the Aluminum Association designations in Aluminum Standards 
and Data and the Registration Records, as published by the Aluminum Association in 
2006. 

For any description of alloy compositions or preferred alloy compositions, all 
references to percentages are by weight percent unless otherwise indicated. 

15 In general the purification of molten metals can be economically very profitable 

as it allows scrap metals which may contain different alloying or foreign elements and 
different amounts of the foreign elements to be processed to regain a standard purity 
and a higher economic value. 

Such a purification method is known in the prior art, for example from 

20 international patent application WO-2005/095658-A1 . In this method the molten metal 
is cooled to a eutectic temperature in order to simultaneously form purified metal 
crystals and crystals comprising at least one foreign element. Compared to the starting 
composition of the molten metal the purified metal crystals are depleted of foreign 
elements, while the foreign element(s) are concentrated in the other crystals 

25 comprising at least one foreign element. Then at least some of the crystals comprising 
at least one foreign element are separated from the purified metal crystals by using a 
solid-solid separation technique. This known purification method is beneficial in view of 
economic feasibility for e.g. purifying scrap such as recycled aluminium, because a 
relatively pure metal as purified metal crystals can be obtained in a high yield. The 

30 solid-solid separation step is exemplified by inter alia a liquid-solid pre-separation step 
wherein both types of crystals are separated from the molten metal as a mixture and 
then this mixture is added to molten salt with a specific density between that of the 
specific densities of the purified metal crystals and the crystals comprising at least one 
foreign element so that some of the crystals sink into the salt whilst the remainder float 

35 on the salt. 

Other methods for solid-solid separation described in international patent 
application WO-2005/095658-A1 use centrifugal forces, an electromagnetic field and 
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gas bubbles based floatation. Alternative pre-separation steps for separating both 
types of crystals from the total amount of molten metal are also described, such as 
filtration, centrifugation and a salt layer contacting step using stirring. In this patent 
document it has been recognised that solid-solid separation generally becomes difficult 
5 when the solid fraction is above 30%. In this process both types of crystals form 
simultaneously and settle together in the molten metal thereby forming a mixture of 
crystals. Although various techniques have been described for separating this mixture 
into its components, it has appeared that these techniques render the process 
amongst others complex and laborious to carry out. 

10 Another purification method concerns the so-called fractional crystallisation as 

described in for example US-4, 273,627. In this method a hypo-eutectic molten metal 
comprising one or more foreign elements is cooled to achieve partial solidification. The 
molten metal is cooled to just above a eutectic temperature. The crystals that form in 
the molten metal have a purer composition than that of the molten metal that is used 

15 as a starting point. These crystals can then be separated from the remaining molten 
metal by means of a solid-liquid separation technique. This process however has the 
drawback that when the initial concentration of foreign elements is high the amount of 
purified metal obtained is relatively low and the amount of by-product generated is 
high. This means that the fractional crystallisation method may not be economically 

20 feasible for e.g. purifying scrap. 

Another purification method is by means of separation of foreign elements in 
which a hyper-eutectic molten metal comprising one or more foreign elements is 
cooled to achieve partial solidification. The molten metal is cooled to just above the 
eutectic temperature. The foreign element(s) solidify to form crystals comprising at 

25 least one foreign element and/or pure crystals of a foreign element which can then be 
separated from the molten metal using a solid-liquid separation technique. A hypo- 
eutectic molten metal can be made hyper-eutectic by the addition of certain elements 
as disclosed in US-5,741 ,348. This method has the disadvantage that the remaining 
liquid product obtained is not very pure and thus is of relatively low value. 

30 And EP-1 28831 9-A1 discloses a method for the purification of molten 

aluminium whereby the composition of the molten aluminium is alternated between a 
hypo-eutectic and hyper-eutectic composition by the addition of specific alloying 
elements. In particular the addition of Mn is disclosed to assist in the removal of Fe by 
the formation of eutectic particles or intermetallic particles which are separated out 

35 from the molten aluminium. 

There is an ongoing need in the art for simplified and economical purification 
processes. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method or process for the 
purification of a molten metal comprising one or more foreign elements. 
5 Another object of the present invention is to provide a process for the 

purification of a molten metal comprising one or more foreign elements, wherein the 
separation of the two kinds of crystals may be achieved in-situ. 

A further object of the invention is to provide a process which is easy to operate 
continuously. 

10 These and other objectives and further advantages are met or exceeded by the 

present invention concerning a method for the purification of a molten metal, the 
molten metal having a specific density and comprising one or more foreign elements, 
the method comprises the steps of: 

(a) a cooling step wherein the molten metal is cooled to a eutectic temperature 
15 to simultaneously form purified metal crystals and crystals comprising at least one 

foreign element; and 

(b) a separation step wherein at least some of the purified metal crystals are 
separated from the crystals comprising the at least one foreign element by adjusting 
the specific density of the molten metal within a range delimited by a lower value being 

20 the specific density of the purified metal crystals and by an upper limit being the 
specific density of the crystals comprising at least one foreign element, and wherein 
the specific density of the molten metal is adjusted to this range by the addition of a 
metal to the molten metal and wherein the specific density of the molten metal is 
maintained within this range during separation. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention provides a method for the purification of a molten metal such as 
molten aluminium or molten aluminium originating from recycled scrap material, the 
molten metal having a specific density and comprising one or more foreign elements 
30 which are to be removed, the method comprises the steps of: 

(a) a cooling step wherein the molten metal (3) is cooled to a eutectic 
temperature to simultaneously form purified metal crystals (1) and crystals (2) 
comprising at least one foreign element, and 

(b) a separation step carried out at the eutectic temperature and wherein at 
35 least some of the purified metal crystals (1) are separated from the crystals (2) 

comprising the at least one foreign element by adjusting the specific density of the 
molten metal (3) within a range delimited by a lower value being the specific density of 
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the purified metal crystals (1) and by an upper limit being the specific density of the 
crystals (3) comprising at least one foreign element, and wherein the specific density 
of the molten metal (3) is adjusted to this range by the addition of a metal (4) or 
alloying element to the molten metal (3) and wherein the specific density of the molten 
5 metal (3) is maintained within this range during separation. 

In the method according to the invention a separation between purified metal 
crystals and the crystals comprising at least one foreign element is carried out while 
the specific density of the molten metal is adjusted purposively between those of these 
different types of crystals to be separated from each other. As the different types of 

10 crystals have distinct specific densities the molten metal having a specific density in 
between will function as a separating medium, physically spacing apart one type of 
crystals from the other. Thus a spatial separation will occur. This allows in the 
purification method for a subsequent removal step in essence based on a liquid-solid 
separation for each of the types of crystals, which is not too difficult to accomplish. 

15 In the context of this application the term "foreign element" is used to indicate 

an element whose concentration in the purified metal should be reduced as it 
decreases the value thereof. 

The term "crystals comprising at least one foreign element" as used herein 
includes intermetallics which are formed when atoms of two or more foreign elements 

20 combine in certain proportions to form crystals with a different structure from that of 
any of the individual foreign elements and also pure crystals of a foreign element. 

Elements present in the molten metal but which are not foreign elements, 
because their presence is not undesirable in the purified product, may be present in 
the purified metal crystals as well. 

25 The term "eutectic temperature" refers to a temperature at which at least two 

solid phases form simultaneously. Eutectic temperature thus refers to the eutectic 
point for a binary system and to a temperature along the eutectic valley for a ternary, 
quaternary or higher order system. Phase diagrams of most alloys concerned are 
readily available from handbooks and basic textbooks, as well as the relevant data of 

30 specific densities or calculation methods thereof. 

In the purification method according to the invention the molten metal is cooled 
to a eutectic temperature. If the concentration of foreign element(s) in the molten metal 
to be subjected to the purification method according to the present invention, is 
substantially greater than the solid solubility of the foreign element(s) at the eutectic 

35 temperature and if the partition coefficient is less than the value one, the product 
obtained as purified metal crystals is consistently of relatively high purity and the yield 
is also relatively high. A product obtained in the form of the purified metal crystals 
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contains substantially less of the foreign element(s) in comparison with the 
concentration of the foreign element(s) originally present in the molten metal and the 
amount of by-product is minimised. The crystals comprising at least one foreign 
element contain substantially more of the foreign element(s) in comparison with the 
5 concentration of the foreign element(s) originally present in the molten metal. The 
partition coefficient is the ratio of the concentration of the foreign element(s) in the 
purified metal crystals to the concentration of the foreign element(s) originally present 
in the molten metal. The partition coefficient may preferably be less than or equal to 
0.5 or more preferably less than or equal to 0.25 in order to obtain higher amounts of 
10 purer product. 

Examples of partition or distribution coefficients are 0.03 for aluminium 
containing iron as a foreign element, 0.1 for aluminium containing silicon as a foreign 
element and 0.93 for aluminium containing manganese as a foreign element. The 
proceedings of the Fourth International Symposium On Recycling Of Metals And 

15 Engineered Materials TMS, 2000, p. 979-991 "Refining of a 5XXX series aluminium 
alloy scrap by Alcoa fractional crystallisation process" by Ali I Kahveci and Ali Unal, 
lists the partition or distribution coefficients for some impurities in aluminium, and 
incorporated herein by reference. 

In general the method according to this invention like the method known from 

20 WO-2005/095658 has a higher yield than a fractional crystallisation method operated 
at just above the eutectic temperature and has a better product purity compared to a 
method comprising separation of foreign elements which is also carried out at just 
above the eutectic temperature. 

Accurate temperature control of the method according to the invention is not 

25 necessary unlike the known fractional crystallisation and separation of foreign 
elements methods. When using the method of the present invention the system is 
substantially self-regulating and maintains itself at eutectic temperature in a large 
solidification range. A solid fraction measurement, which need not be stringently 
accurate, can be used to control the process. An energy measurement can also be 

30 used to control the process. 

In an embodiment also during the cooling step the specific density of the 
molten metal is within the range delimited by the specific density of the purified metal 
crystals and the specific density of the crystals comprising at least one foreign 
element. Crystals of one type typically the purified metal crystals, will start to rise once 

35 they are formed. Thus eventually these crystals will float in the molten metal. Crystals 
of the other type typically the crystals comprising at least one foreign element, will start 
to settle once they are formed. Thus eventually these crystals will rest on the bottom of 
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the reactor, in which the separation is carried out. As the separation into different 
crystal types is performed in-situ, a subsequent removal step for a crystal type can be 
carried out more easily and independently in time and place, e.g. by overflow and 
sedimentation respectively. This is an advantage over the prior art, also in view of the 
5 totally different amounts obtained of both types of crystals. 

In another embodiment after the cooling step at least some of the crystals 
formed together with a small amount of molten metal are removed from the main 
molten metal. After removal the crystals removed are separated from the small amount 
of molten metal, when the specific density is within the range discussed above. 

10 Advantageously in the method according to the invention the specific density of 

the molten metal is adjusted and maintained within the range defined above by the 
addition of a metal or alloying element thereby increasing the specific density of the 
molten metal. Usually, and in particular in case of aluminium, the molten metal liquid 
phase in unmodified condition has a specific density that is lower than the specific 

15 densities of the purified metal crystals and of the crystals having at least one foreign 
element. Therefore in such a situation the crystals of both types settle together in the 
bottom layer of the molten metal, from which they are not easy to be discharged 
separately. The one or more metals or metallic compounds having a suitable density 
(also referred to as high density additive) are added in an amount sufficient to raise the 

20 specific density of the molten metal to the required level but lower than the highest 
specific density of the crystal types to be separated and higher than the lowest specific 
density of the crystal types to be separated. The metal or alloying element purposively 
added easily dissolves in the molten metal. The high density additives are selected 
advantageously with a view to the further application, processing or use of the purified 

25 metal crystals obtainable. The proportions of the high density additives that are to be 
added in order to adjust the specific density of the molten metal within the range 
discussed above can be easily calculated and experimentally verified. 

In a preferred embodiment thereof the metal or alloying element increasing the 
density of the molten metal is a metal being substantially insoluble in the purified metal 

30 crystal phase. It will be understood that the expression "metal being essentially 
insoluble in the purified metal crystal phase" includes metals having a low solubility, 
e.g. less than 0.1 wt.%. For example, in the case of purification of molten aluminium 
according to the invention such metals or alloying elements include lead (Pb), tin (Sn), 
and mercury (Hg). Lead and tin both have a solubility of less than 0.1% in the purified 

35 Al crystals. The purified Al crystals will float on the molten metal, while the other 
crystals comprising at least one foreign element will settle. The purified Al crystals 
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obtained are suitable for use in machining alloys like AA6082, AA6262, AA2011 and 
AA2111. 

In another preferred embodiment the metal or alloying element increasing the 
density of the molten metal is soluble in the purified metal crystal phase. Metals or 
5 alloying elements of this kind are very highly soluble in the molten metal. Suitable 
examples thereof in case of aluminium include in particular copper (Cu) and zinc (Zn). 
The purified Al crystals will float on the molten metal. The purified Al crystals 
comprising Cu or Zn are well suited for use in the AA2xxx series and AA7xxx series 
aluminium alloys. 

10 The method of the present invention is particularly suitable for purifying non- 

ferrous metals, more in particular molten aluminium, comprises at least one foreign 
element. Primary aluminium production from aluminium ore is very energy intensive 
and expensive making recycling more viable. However, using the prior art methods of 
metal purification it is still often not economically viable to purify aluminium scrap 

15 without adding relatively pure primary aluminium or smelter grade aluminium to the 
scrap to effectively dilute the foreign element(s) present. Using the method of the 
present invention large volumes of aluminium alloy scrap can be cost-effectively 
purified without requiring the addition of large amounts of primary grade aluminium. 

The present invention can advantageously be used to remove one or more 

20 foreign elements such as iron (Fe), silicon (Si), copper (Cu), lithium (Li), manganese 
(Mn), zinc (Zn), and magnesium (Mg) which are frequently present in aluminium alloy 
scrap in varying quantities. 

The present invention is advantageously applied in a continuous process or 
operation, wherein the purified metal crystals and crystals comprising at least one 

25 foreign element are formed and separated in a continuous manner. By continuously 
supplying molten metal at or above the eutectic temperature to molten metal which has 
already been cooled to the eutectic temperature, and in which crystals comprising at 
least one foreign element have already been formed, and maintaining the temperature 
of the molten metal at the eutectic temperature the crystals comprising at least one 

30 foreign element are encouraged to grow larger. This is because the crystals 
comprising at least one foreign element which were already present in the molten 
metal act as nucleation sites for the crystals comprising at least one foreign element 
which form out of the molten metal subsequently added. The greater the size of the 
crystals comprising at least one foreign element the relatively easier they will settle. 

35 Both the purified metal crystals and crystals comprising at least one foreign element 
can grow to average sizes in a range of larger than 50 urn and up to 200 urn. 
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Preferably the purified metal crystals as well as the crystals comprising at least 
one foreign element are separated from the molten metal without a significant amount 
of molten metal also being discharged. Any molten metal discharged together with the 
crystals can be returned to the main charge of molten metal after further solid-liquid 
5 separation. As the amount of purified metal crystals is significantly larger than the 
amount of crystals comprising at least one foreign element, advantageously the 
purified metal crystals are separated from the molten metal in a continuous manner, 
while the crystals comprising at least one foreign element may be separated from the 
molten metal in a discontinuous manner, such as periodically. For example these latter 

10 crystals are collected by sedimentation, after which they are removed when a 
predetermined amount thereof has been obtained. 

The purified metal crystals thus separated can be subjected to further 
purification processes, typically also crystallisation processes, thereby obtaining an 
additionally purified metal product having significantly reduced amounts of foreign 

15 elements. The resulting product can be used for generic aluminium alloy applications. 

Usually the crystals comprising at least one foreign element do not need to be 
subjected to further purification steps. The by-product crystals are used or disposed of 
as they are. If desired, these crystals can be further purified by e.g. crystallisation 
processes. It should be noted that within the fairly large eutectic temperature range 

20 further choices can be made to optimise the size, shape and composition of the by- 
product crystals. 

It is also conceivable that the molten metal comprising one or more foreign 
elements is subjected to a fractional crystallisation process and a solid-liquid 
separation technique before the remaining molten metal is cooled to a eutectic 
25 temperature to simultaneously form purified metal crystals and crystals comprising at 
least one foreign element according to the invention. By subjecting the molten metal 
comprising one or more foreign elements to a fractional crystallisation process and a 
solid-liquid separation technique a large amount of purified metal crystals or crystals 
comprising at least one foreign element (depending from the starting material having a 
30 hypo-eutectic or hyper-eutectic composition) may be separated from the remaining 
molten metal before it is cooled to the eutectic temperature. Subjecting the molten 
metal comprising one or more foreign elements to a fractional crystallisation process 
and a solid-liquid separation technique before the remaining molten metal is cooled to 
a eutectic temperature according to the present method can be used in situations 
where the concentration of foreign element(s) in the molten metal to be subjected to 
the purification method according to the invention, is initially less than the solid 
solubility of the foreign element(s) at a eutectic temperature. After the formation and 
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separation of the purified metal crystals the concentration of foreign elements in the 
remaining molten metal may be greater than the solid solubility of the foreign 
element(s) at eutectic temperature. Then the remaining molten metal can be purified 
effectively by the method according to the invention. 
5 Subjecting the molten metal comprising one or more foreign elements to a 

fractional crystallisation process and a solid-liquid separation step before the 
remaining molten metal is cooled to a eutectic temperature is most preferably used for 
a non-continuous or batch process. 

The process can be carried out using devices as disclosed in WO-2005/09568 

10 A1, e.g. continuously in a continuous crystalliser comprising e.g. a cooling vessel as 
well as a feed system for one or more high density additives. Molten metal e.g. 
aluminium comprising one or more foreign elements like Fe and/or Si, is cooled to a 
eutectic temperature in the vessel to simultaneously form purified aluminium crystals 
and crystals comprising at least one foreign element, while the specific density of the 

15 molten metal is within the range of which the lower and upper limit is determined by 
the specific densities of these types of crystals. The solid fraction of the contents of the 
vessel is substantially maintained at e.g. 10%. As soon as the solid fraction becomes 
higher than 10% the cooling is reduced and as soon as the solid fraction falls below 
10% the cooling is increased. Simultaneously the purified aluminium crystals and 

20 crystals comprising at least one foreign element are removed from the molten 
aluminium at a rate which equals the formation rate. This means that although the 
composition in the vessel is eutectic and stays eutectic, the composition of the 
continuous input of molten aluminium comprising foreign element(s) determines how 
much product and by-product are formed. High density additives are added either 

25 continuously either periodically to adjust and maintain the specific density of the 
molten metal at the required level. 

The invention will now be illustrated with reference to non-limiting embodiments 
according to the invention. 

30 EXAMPLES. 
Example 1 

This qualitative example relates to a batch mode of operation of the process 
according to the present invention, wherein a high density additive with low solubility in 
the purified metal crystal phase is added to an almost eutectic molten metal in order to 
35 bring the specific density of the molten metal between the specific density of the 
purified metal crystals and the specific density of the crystals comprising one or more 
foreign elements. 
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A crystallisation experiment was carried out on an aluminium alloy comprising 1 
wt% of each of Fe, Mn, and Si. This is a composition near the eutectic one. The 
specific density of this eutectic aluminium melt is about 2.4 g/cm 3 . Tin was added to 
the melt in an amount within the range of 7.5 to 25 wt.%, thereby raising the specific 
5 density within the range of 2.6 to 2.9 g/cm 3 . The specific density of the purified metal 
crystals is about 2.6 g/cm 3 , while the crystals enriched in Fe, Mn and Si have a density 
of about 3.5 g/cm 3 . In particular 10% tin was added to the near-eutectic melt and the 
temperature of the furnace was gradually lowered until the onset of crystallisation 
occurred. After slow suspension crystallisation of a batch of about 8 kg aluminium alloy 

10 over a period of time of several hours, a final product was obtained comprising an 
upper aluminium enriched phase separated from a lower aluminium depleted phase. 
The aluminium enriched phase comprised granular purified Al crystals, while the lower 
phase consisted of settled cubic crystals that were identified as AI6Mn-type 
intermetallic crystals. A separation zone having a very fine structure indicating the 

15 clear aluminium liquid was present between the floating aluminium enriched phase and 
the intermetallic phase. 

Example 2 

This example shows a continuous mode of operation of the method according to 
20 the invention wherein elements soluble in the purified metal crystals are used. 

An aluminium-based feed comprising 1 wt.% of each of Fe, Mn, and Si was fed 
continuously to a suspension crystalliser at a rate of 1 ton/hour, while 35 kg/hr of 
copper was added. The suspension crystalliser equipped with a mechanical stirrer was 
operated at a steady state temperature of 562°C. This value corresponds to 20 wt.% 
25 solids fraction. The aluminium suspension thus obtained had a liquid phase having a 
density of 2.9 g/cm 3 , the primary aluminium crystals had a density of 2.6 g/cm 3 and the 
intermetallic phase had a density of 3.4 g/cm 3 . Separation was effected in an in-line 
separator, while the molten liquid was returned to the suspension crystalliser. At a 
separation efficiency of 100% the resulting aluminium-based phase comprised of 
30 purified metal crystals containing 3.5 wt.% Cu. The content of the three alloying or 
foreign elements Fe, Mn and Si was clearly reduced in the aluminium enriched phase 
to 0.005% Fe, 0.5 % Si and 0.07 % Mn by weight. This latter phase was separated at a 
rate of 932 kg/hr. A by-product stream comprising an intermetallics phase of Fe 14.6, 
Si 8.0, Mn 13.7 and Cu 2.0 wt.%, remainder Al was separated at a rate of 68 kg/hr. 

35 
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Having now fully described the invention, it will be apparent to one of ordinary 
skill in the art that many changes and modifications can be made without departing 
from the spirit or scope of the invention as herein described. 
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CLAIMS 

1. Method for the purification of a molten metal, the molten metal having a specific 
5 density and comprising one or more foreign elements, the method comprises 

the steps of: 

(a) a cooling step wherein the molten metal (3) is cooled to a eutectic 
temperature to simultaneously form purified metal crystals (1) and crystals (2) 
comprising at least one foreign element, and 

10 (b) a separation step wherein at least some of the purified metal crystals (1) 

are separated from the crystals (2) comprising the at least one foreign element 
by adjusting the specific density of the molten metal (3) within a range delimited 
by a lower value being the specific density of the purified metal crystals (1) and 
by an upper limit being the specific density of the crystals (3) comprising at least 

15 one foreign element, and wherein the specific density of the molten metal (3) is 

adjusted to this range by the addition of a metal (4) to the molten metal (3) and 
wherein the specific density of the molten metal (3) is maintained within this 
range during separation. 

20 2. Method according to claim 1, wherein the metal (4) to adjust the specific density 
of the molten metal (3) is a metal being substantially insoluble in the purified 
metal crystal phase (1). 

3. Method according to claim 2, wherein the molten metal (3) is aluminium and the 
25 metal (4) being substantially insoluble in the purified aluminium crystals (1) is 

selected from the group comprising Sn, Pb, and Hg. 

4. Method according to claim 1 , wherein the metal (4) to adjust the specific density 
of the molten metal (3) is a metal being soluble in the purified metal crystals (1). 

30 

5. Method according to claim 4, wherein the molten metal (3) is aluminium and the 
metal (4) being soluble in the phase of the purified metal crystals is selected 
from the group of Cu and Zn. 

35 6. Method according to any one of claims 1 to 5, wherein the foreign element(s) 
comprise one or more selected from the group of Cu, Fe, Li, Mg, Mn, Si, and Zn. 
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Method according to any one of claims 1 to 6, wherein the separation step 
comprises a solid-liquid separation whereby crystals floating in the molten metal 
(3) are removed from the molten metal. 

Method according to claim 7, wherein the purified metal crystals (1) floating in 
the molten metal (3) are removed from the molten metal. 

Method according to any one of claims 1 to 8, wherein the separation step 
comprises a solid-liquid separation wherein crystals are separated by 
sedimentation. 

Method according to claim 9, wherein the crystals (2) comprising the least one 
foreign element are separated by sedimentation. 

Method according to any one of claims 1 to 10, wherein the purified metal 
crystals (1) and crystals (2) comprising at least one foreign element are formed 
and separated in a continuous operation. 

Method according to any one of claims 1 to 11, wherein the molten metal (3) 
comprising one or more foreign elements is subjected to a fractional 
crystallisation process and a solid-liquid separation technique prior to the 
cooling step (a). 

Method according to any one of claims 1 to 12, wherein after separation the 
purified metal crystals (1) are subjected to an additional purifying step. 

Method according to any one of claims 1 to 13, wherein after separation the 
crystals (2) comprising at least one foreign element are subjected to an 
additional purifying step. 
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